Japanese Unexamined Patent Publication No. 5-84303 

Number of Application: 3-276856 
Date of Filing: September 27, 1991 
5 Applicant: JUNKOSHACO., LTD. 
Inventors: Shingo IKE DA et al. 

[Title of the Invention] Catheter and Process for 
Manufacturing the Same 
10 [Scope of the Invention] 

[Claim 1] A catheter including: 
an inner tube, 

a braided body formed of a relatively hard metal wire, 
wherein the braided body encompasses the inner tube except for 
15 a distal end of the inner tube, and an end of the braided body 
is softened; and 

an outer tube continuously encompassing the entire 
catheter including the braided body and the distal end of the 
inner tube. 

20 [Claim 2] A process for manufacturing a catheter, wherein: 
a predetermined portion of a braided body formed of a 

relatively hard metal wire, as viewed in a longitudinal 

direction of the braided body, is softened; 

the braided body is cut at a position corresponding to 
25 the softened portion and is located around an inner tube 

except for a distal end of the inner tube; and 

an outer tube is continuously formed around the entire 

catheter including the braided body and the distal end of the 

inner tube. 

30 [Detailed Description of the Invention] 
[0001] 

[Industrial Field of Application] 

The present invention relates to catheters that have an 
appropriately soft distal end and an appropriately hard body 
35 with an increased torque transmitting performance, and, to 
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processes for manufacturing the catheters. 

[0002] 

[Prior Art] 

A catheter is inserted in a body lumen such as a blood 
5 vessel when performing diagnosis or treatment. The catheter 
must be easy to operate such that the catheter reaches a 
desired position without damaging the wall of the body lumen 
or body tissue when passing through the lumen. To move the 
distal end of the catheter in the body lumen or other organs 

10 in a desired manner, the catheter is provided with an 

appropriately hard body. The distal end of the catheter is 
appropriately soft to avoid damaging the blood vessel or body 
tissue. That is, the catheter body and the distal end of the 
catheter have different properties. There have been various 

15 processes for manufacturing this type of catheter. For 

example, the catheter is formed from a single-layer tube. The 
distal end of the tube is softened through chemical treatment 
or cutting, and the portion of the tube corresponding to the 
catheter body is hardened through X-ray irradiation. However, 

20 these processes have problems and are not sufficiently 

feasible. Thus, the catheter is often manufactured with a 
braided metal body embedded in the wall of the catheter body 
(as described in Japanese Examined Patent Publication Nos. 3- 
24223, 3-32376, and 3-40626). 

25 [0003] 

More specifically, the catheter includes an inner tube 
around which a braided metal wire is wound. A relatively 
short tube, which forms the distal end of the catheter, is 
connected to an end of the inner tube. The metal wire is not 

30 wound around the distal end of the catheter. Alternatively, 
the distal end of the catheter may be formed integrally with 
the catheter body. In this case, a portion of the metal wire 
corresponding to the distal end of the catheter is removed. 
In this manner, an appropriately hard catheter body and an 

35 appropriately soft distal end are obtained. The body and the 



distal end form an inner layer body of the catheter. 
Subsequently, an outer tube is formed around the entire inner 
layer body. The catheter is thus completed. This catheter 
has an increased torque transmitting performance, as compared 
5 to a prior art catheter. 
[0004] 

[Problems that the Invention is to Solve] 

To reduce the diameter of the catheter as a whole, it is 
necessary to decrease the wall thickness of the inner tube, 

10 that of the outer tube, and the diameter of the metal wire. 

If the diameter of the metal wire is decreased, the metal wire 
must be formed of a relatively hard material such as stainless 
steel. This ensures an increased torque transmitting 
performance, regardless of the wire diameter. However, as 

15 described in Japanese Examined Patent Publication No. 3-32376, 
the braided metal wire is wound around the inner tube in the 
same manner as a braided body that encompasses a power line or 
cable. If the metal wire is relatively hard, the wire has an 
increased rigidity that produces force acting to unbraid the 

20 wire. The braided structure at an end of the wire thus 

becomes non-uniform, and the wire projects radially outward. 
If the outer tube encompasses the braided wire in this state, 
the wire may project from the outer side of the outer tube. 
Accordingly, to avoid this problem, it is necessary to fix the 

25 braided structure of the wire by, for example, binding at 

least an end of the wire located near the distal end of the 
catheter. This decreases productivity. Further, as the wire 
diameter becomes smaller, fixing of the braided structure 
becomes more difficult. As a result, the diameter of the 

30 catheter cannot be reduced to a desired level. 
[0005] 

As described in Japanese Examined Patent Publication Nos . 
3-24223 and 3-40626, the inner tube encompassed by the braided 
metal wire is placed in a heating die. The outer side of the 
35 inner tube is thus molten such that the braided wire is 



securely embedded in the outer side of the inner tube. The 
inner tube is then encompassed by the outer tube. However, 
the process is not capable of completely embedding the metal 
wire in the wall of the inner tube, and a major portion of the 
5 wire is exposed to the outer side of the inner tube. This 
structure does not sufficiently suppress the force acting to 
unbraid the metal wire at an end of the wire. The end of the 
metal wire thus projects from the outer side of the inner 
tube. Accordingly, to solve this problem, the wall thickness 

10 of the outer tube must be increased. Alternatively, like the 
aforementioned, Japanese Examined Patent Publication No. 3- 
32376, the braided structure must be fixed at the end of the 
wire. This decreases productivity, and the diameter of the 
catheter is not sufficiently reduced. 

15 [0006] 

Accordingly, to solve these problems, it is an objective 
of the present invention to provide a catheter that is 
fabricated with an increased productivity and has a decreased 
diameter while maintaining an increased torque transmitting 
20 performance, and a process for manufacturing the catheter. 
[0007] 

[Means For Solving the Problems] 

To achieve the objective, the catheter according to the 
present invention includes an inner tube, a braided body, and 

25 an outer tube. The braided body is formed of a relatively 
hard metal wire and encompasses the inner tube except for a 
distal end of the inner tube. An end of the braided body is 
softened. The outer tube continuously encompasses the entire 
catheter including the braided body and the distal end of the 

30 inner tube . 
[0008] 

To obtain the catheter according to the present 
invention, a predetermined portion of a braided body formed of 
a relatively hard metal wire, as viewed in a longitudinal 
35 direction of the braided body, is softened. The braided body 



is cut at a position corresponding to the softened portion and 
is located around an inner tube except for a distal end of the 
inner tube. Afterward, an outer tube is continuously formed 
around the entire catheter, which includes the braided body 
and the distal end of the inner tube. 
[0009] 

In the present invention, the relatively hard wire 
indicates, for example, a spring wire, a hard stainless steel 
wire, a piano wire, and a hard steel wire. It is preferred 
that the diameter of the wire is selected in a range from 0.03 
to 0.10 millimeters. Further, the material of the inner tube 
and the material of the outer tube may be a combination of 
flexible plastics. The plastics include various types 
fluorine-contained resins, polyolefine, polyurethane , 
polyester, polyamide, and polyvinyl chloride. 
[0010] 
[Operation] 

If the braided body is formed of a relatively hard metal 
wire with an increased rigidity such as a stainless steel 
wire, force acts to unbraid the wire at an end of the braided 
body. The braided structure at the end of the braided body 
thus becomes non-uniform, or the wire projects radially 
outward. In this case, if the wall thickness of the outer 
tube is relatively small, the wire that forms the braided body 
projects from the outer side of the outer tube. To avoid this 
problem, in the present invention, the braided body is first 
formed around the inner tube such that the axial dimension of 
the braided body is greater than the axial dimension of the 
catheter body. A predetermined portion of the braided body 
near the distal end of the catheter is then softened through 
heating. Subsequently, the braided body is cut at a position 
corresponding to the softened portion. In this manner, the 
braided body is provided with a softened distal end. That is, 
the rigidity of the wire corresponding to the softened end of 
the braided body is decreased, thus suppressing the force that 
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acts to unbraid the wire. Accordingly, the braided structure 
of the braided body is maintained in a uniform state without 
causing the wire to project radially outward. Thus, unlike 
the prior art, it is unnecessary to fix the braided structure 
5 at an end of the braided body. That is, the outer tube with a 
decreased wall thickness may be simply formed around the 
braided body. As a result, the diameter of the catheter is 
reduced to a desired value, while productivity is improved. 
[0011] 

10 In the present invention, substantially only the distal 

end of the braided body, which is formed of the relatively 
hard metal wire, is softened. The rigidity of the remainder 
of the braided body is maintained in an original state. The 
braided body thus increases the torque transmitting 

15 performance of the catheter when embedded in the wall of the 
catheter, regardless of the diameter of the wire that forms 
the braided body. Further, according to the present 
invention, softening may be performed on a single end or both 
ends of the braided body. If only the end of the braided body 

20 corresponding to the distal end of the catheter is softened 
and the other end is maintained in a rigid state, the wire 
forming this end of the braided body, which corresponds to the 
proximal end of the catheter, projects radially outward 
without causing any problems . 

25 [0012] 

[Embodiment ] 

An embodiment of a catheter according to the present 
invention and a process for manufacturing the catheter will 
now be described with the attached drawings. However, the 
30 present invention is not restricted to the illustrated 

embodiment. The embodiment may be modified without departing 
from the scope or the spirit of the invention. Fig. 1 is a 
cross-sectional view showing the catheter. 
[0013] 

35 As shown in Fig. 1, a catheter 1 includes a body 1A and a 
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distal end IB. A braided body 3 formed of a relatively hard 
metal wire is wound around a portion of an inner tube 2 
corresponding to the body 1A. The braided body 3 has a 
softened end 3a, which is located near the distal end IB of 
5 the catheter 1. An outer tube 4 continuously encompasses the 
braided body 3 and the portion of the inner tube 2 
corresponding to the distal end IB. 
[0014] 

The inner tube 2 of the catheter 1 is formed of, for 

10 example, tetraf luoroethylene-hexaf luoropropy lene copolymer 

resin. The surface of the inner tube 2 is treated. The outer 
diameter of the inner tube 2 is 2.0 millimeters. The braided 
body 3, which encompasses the inner tube 2, is formed of a 
stainless steel wire. The diameter of the wire is 0.05 

15 millimeters. An end of the wire near the distal end IB of the 
catheter 1, which is the end 3a of the braided body 3, is 
softened through heating. The wire is wound around a portion 
of the inner tube 2 corresponding to the body 1A. The axial 
dimension of the body 1A is 100 millimeters shorter than the 

20 axial dimension of the catheter 1. In other words, the axial 
dimension of the distal end IB of the catheter 1 is 100 
millimeters. The outer tube 4, which encompasses the braided 
body 3 and the portion of the inner tube 2 corresponding to 
the distal end IB, is formed of polyurethane . The wall 

25 thickness of the outer tube 4 is 0.35 millimeters. The outer 
diameter of the catheter 1 as a whole is 2.7 millimeters. 
[0015] 

As described, the braided body 3, which is located around 
the body 1A of the catheter 1, is formed of a relatively hard 

30 wire. The catheter 1 thus has an increased torque 

transmitting performance. Further, since the diameter of the 
wire that forms the braided body 3 is relatively small, the 
wall thickness of the catheter 1 is also relatively small as 
compared to a prior art catheter. In addition, if necessary, 

35 X-ray impermeable substance such as bismuth oxide and barium 



sulfate may be mixed in the material of the distal end IB of 

the catheter 1. 

[0016] 

A process for manufacturing the catheter 1 will hereafter 
5 be described with reference to Figs. 2 to 9. As shown in Fig. 
2, synthetic resin material is continuously supplied to the 
outer side of an extendable wire core 11 through extrusion, 
thus forming a layer corresponding to the inner tube 2 of the 
catheter 1. The wire core 11 is formed of, for example, 

10 copper, and the synthetic resin material is, for example, the 
aforementioned fluorine-contained type. The surface of the 
layer corresponding to the inner tube 2 is then treated such 
that the inner tube 2 engages firmly with the outer tube 4. 
Subseguently , a relatively hard metal wire formed of, for 

15 example, stainless steel is continuously wound around the 

layer corresponding to the inner tube 2 to form the braided 
body 3. Next, the obtained product, together with the wire 
core 11, is cut to a portion with an axial dimension larger 
than that of the catheter 1. The portion forms an inner layer 

20 body 10, which has yet to be encompassed by the outer tube 4. 
[0017] 

Further, as shown in Fig. 3, the braided body 3 is 
axially moved away from a corresponding end of the inner layer 
body 10, as viewed to the right in the drawing, thus exposing 

25 a portion of the layer corresponding to the inner tube 2 in 

accordance with a predetermined axial dimension. The exposed 
portion, together with a corresponding portion of the wire 
core 11, is removed from the remainder of the inner layer body 
10. Subsequently, as shown in Fig. 4, the braided body 3 is 

30 further axially moved away from a corresponding end of the 

inner layer body 10, as viewed to the right in the drawing. A 
portion of the layer corresponding to the inner tube 2 is then 
removed in accordance with a predetermined axial dimension, 
thus exposing a portion of the wire core 11. Although not 

35 illustrated, a portion of the wire core 11 is exposed also at 



the other end of the inner layer body 10. 
[0018] 

Next, as shown in Fig. 5, the braided body 3 is returned 
to its original position, or the position at which the braided 
5 body 3 is located before the portion of the inner tube 2 is 
removed. The braided body 3 has a projecting end 3b and a 
section 3a, which is located between the projecting end 3b and 
an opposed end of the wire core 11. The section 3a of the 
braided body 3 is heated in a reducing atmosphere to anneal a 

10 corresponding wire portion of the braided body 3, which is 
relatively hard. Afterward, as shown in Fig. 6, a distal 
portion of the braided body 3 is separated from the remainder 
at a position corresponding to the annealed section 3a. 
Further, as shown in Fig. 7, the braided body 3 is moved away 

15 from the corresponding end of the inner layer body 10 as 

viewed to the right in the drawing, thus exposing a portion of 
the inner tube 2 corresponding to the distal end IB of the 
catheter 1. 
[0019] 

20 A plurality of inner layer bodies 10, which are obtained 

as described, are connected to one another, as shown in Fig. 
8. More specifically, a distal end of one inner layer body 10 
is connected to a proximal end of the adjacent inner layer 
body 10 by means of a corresponding portion of the braided 

25 body 3 near the proximal end of the inner layer body 10. 
Next, synthetic resin material such as polyurethane is 
continuously supplied from an extruder 13 to the outer side of 
the connected inner layer bodies 10, thus forming the outer 
tubes 4. Subsequently, the inner layer bodies 10 are 

30 separated from each other by cutting the outer tubes 4 and the 
braided bodies 3 at positions corresponding to the opposed end 
surfaces of the adjacent wire cores 11. Tensile force is then 
applied to the exposed ends of each wire core 11, thus 
extending the wire core 11. The diameter of the wire core 11 

35 thus becomes smaller. The wire core 11 is then separated from 



the associated inner tube 2. Finally, both ends of the 
product are appropriately trimmed to obtain the catheter 1, 
which includes an appropriately soft distal end and an 
appropriately hard body with an increased torque transmitting 
5 performance. 
[0020] 

As described, this manufacturing process effectively 
prevents the braided structure of the wire from becoming non- 
uniform at an end of the braided body 3, regardless of the 

10 rigidity of the wire, when forming the braided body 3. This 
increases productivity, as compared to the prior art 
processes. Further, it is unnecessary to fix, or bind, the 
braided structure of the braided body 3. In addition, the 
wire forming the braided body 3 does not project from the 

15 outer side of the outer tube 4 even if the wall thickness of 
the outer tube 4 is relatively small. Accordingly, it is 
possible to decrease the wall thickness of the catheter 1 as a 
whole, thus reducing the diameter of the catheter 1 to a 
desired level. 

20 [0021] 

[Effects of the Invention] 

The braided body, which is embedded in the wall of the 
catheter according to the present invention, is formed of a 
relatively hard metal wire that has an end that is softened 

25 through heating. The braided body is located around the inner 
tube, and the outer tube encompasses the inner tube, together 
with the braided body. Thus, unlike the prior art, the 
braided structure of the metal wire need not be fixed. This 
greatly increases productivity. Further, since the wire 

30 forming the braided body is relatively hard, the diameter of 
the wire may be reduced. In addition, the braided structure 
can be maintained in a uniform state without fixing the 
braided structure of the wire at an end of the braided body. 
The wire thus does not project from the outer side of the 

35 outer tube. Accordingly, the diameter of the catheter 
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according to the present invention is sufficiently reduced. 
[Brief Description of the Drawings] 

[Fig. 1] A cross-sectional view showing an embodiment of a 
catheter according to the present invention. 
5 [Fig. 2] A partially exploded, cross-sectional view showing 
an inner layer body through which a wire core is inserted, 
which is obtained during a process for manufacturing the 
catheter according to the present invention. 

[Fig. 3] A view explaining the process for manufacturing the 
10 catheter according to the present invention. 

[Fig. 4] A view explaining the process for manufacturing the 
catheter according to the present invention. 

[Fig. 5] A view explaining the process for manufacturing the 
catheter according to the present invention. 
15 [Fig. 6] A view explaining the process for manufacturing the 
catheter according to the present invention. 

[Fig. 7] A view explaining the process for manufacturing the 
catheter according to the present invention. 

[Fig. 8] A view explaining the process for manufacturing the 
20 catheter according to the present invention. 

[Fig. 9] A view explaining the process for manufacturing the 
catheter according to the present invention. 
[Description of the Reference Numerals] 

1 catheter 

25 1A catheter body 
IB distal end 

2 inner tube 

3 braided body 

4 outer tube 

30 10 inner layer body. 
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